Introduction
Products or items have variations in their lifetimes even though they are produced by the same producer, machine and under the same manufacturing conditions. The producer and the consumer are subject to risks due to the decision on the acceptance or rejection of products based on an acceptance sampling plan. Consumer's risk is due to the acceptance of lots with several products having the median lifetime less than the specified lifetime and the producer's risk is due to the rejection of the lots with several products having median lifetime greater than the specified lifetime. Increasing the sample size may minimize both risks to certain level but this will obviously increase the cost of inspection. Thus an efficient acceptance sampling scheme and truncated life tests are the only option to reduce these risks.
The design parameters of a sampling plan depend on the underlying statistical distribution. Several studies have been done for designing single sampling plans based on the truncated life tests under various statistical distributions. Epstein [4] first introduced single acceptance sampling plans for the truncated life test based on the exponential distribution. Goode and Kao [5] developed an acceptance sampling plan using the Weibull distribution as a lifetime distribution. Gupta and Groll [7] derived the acceptance sampling plan for the gamma distribution and Gupta [6] designed the plan for the lifetime of the product having log-normal distribution.
Duncan [3] pointed out that double sampling plans reduce the sample size or producer's risk in the area of quality control. Aslam and Jun [1] introduced double acceptance sampling for the truncated life test based on the generalized log-logistic distribution. The purpose of this paper is to propose the double acceptance sampling plan for the truncated life test assuming that the lifetime of a product follows the Kumaraswamy-log-logistic distribution. The beauty and importance of this distribution lies in accommodating several importance distributions as sub-models. The minimum sample sizes of the first and second samples for zero-one double sampling plan are determined at the specified consumer's confidence level. The operating characteristics are analyzed as a function of the ratio of the true median life to the specified life. The Kumaraswamy-log-logistic distribution is introduced in Section 2.The proposed double sampling plan is given in Section 3. The operating characteristics are analyzed in Section 4. The minimum median ratios to the specified life are presented in Section 5. Numerical examples for selection of plans for a given condition are presented in Section 6.
II. Kumaraswamy-Log-Logistic Distribution
The lifetime of a product is assumed to have the Kumaraswamy-log-logistic distribution (KumLL), whose probability density function (pdf) and cumulative distribution function (cdf) are given respectively as 1 ) 1 ( (  1   1  1  1  1  ,  ,  ,  ; , t ≥ 0, a, b, α and γ >0 (2) where α is a scale parameter and a, b and γ are the shape parameters. Four parameter Kumaraswamy-log-logistic distribution is the result of the work done by Kumaraswamy [8] and Cordeiro and de Castro [2] . If T is a random variable relating to lifetime of the product with density function (1) is denoted as T~KumLL(a,b,α,γ). The median of the Kumaraswamy-log-logistic distribution is derived by
Expression (3) shows that the median is proportional to the scale parameter, α when the two shape parameters a and b are fixed. It is also seen that the median reduces to m = α regardless of γ with a=b=1 for the Kumaraswamy-log-logistic distribution.
Kumaraswamy-log-logistic distribution reduces to Burr distribution when a=1, exponentiated log-logistic distribution when b=1 and log-logistic distribution when a=b=1.
III. Design Of The Double Sampling Plan
Assume that the quality of a product can be represented by its median lifetime, m. The lot will be accepted if the submitted lot has a good quality when the experimental data supports the null hypothesis, H 0 : m≥m 0 against the alternative hypothesis, H 1 : m<m 0. where m 0 is a specified lifetime. The significance level for the test is used through 1-P * , where P * is the consumer's confidence level. The double sampling plan for the truncated life test consists of (i) the number of units of first and second samples (ii) acceptance numbers (iii) the ratio of true median life to the specified median life m/m 0 . The consumer risk, the probability of accepting a bad lot which has the true median life below the specified life m 0 , is fixed as not to exceed 1-P * . The operating procedure of zero-one double sampling plan for the truncated life test has the following steps 1. Draw a first random sample of size n 1 from the submitted lot and put on the test for pre-assigned experimental time t 0 . If there are c 1 or less failures occur within the experimental time accept the lot. If there are c 2 +1 failures occur by t 0 reject the lot. 2. If the number of failures by t 0 is between c 1 +1 and c 2 then draw a second sample of size n 2 and put them on the test for time t 0 . If the number of failures in combined sample is at most c 2 accept the lot. Otherwise, reject the lot. Double sampling plan with c 1 =0 and c 2 =1 is the zero-one double sampling plan. Often it is convenient to set the termination time as a multiple of the specified lifetime m 0, in which case t 0 = ηm 0 for a specified multiplier η. Then the proposed sampling plan is characterized by five parameters (n 1 , n 2 , c 1 , c 2 , η), where c 1 < c 2 .
It is assumed that the lot size is large enough to use the Poisson distribution to calculate the probability of acceptance of the lot. Under the proposed double acceptance sampling plan the probability of acceptance of the lot is
p n e i p n e P (4) where p, the probability that an item fails before t 0 is given by The proposed double sampling plan having c 1 =0 and c 2 =1 is called as zero and one failure double sampling scheme. Therefore, the probability of acceptance of the lot is
The minimum sample sizes n 1 and n 2 ensuring m ≥ m 0 at the consumer's confidence level P * can be found as the solution of
where p 0 is the value of p evaluated at m = m 0 as
Equation (7) provides multiple solutions for sample sizes n 1 and n 2 satisfying the specified confidence level. In order to find the optimal sample sizes the minimum of ASN is incorporated along with the probability of the acceptance of the lot ≤ 1-P * and n 2 ≤ n 1 . The ASN for double sampling plan is ASN=
where P 1 is the probability of acceptance or rejection based on the first sample that is given by 
where n 1 and n 2 are integers with 1≤ n 2 ≤ n 1 Minimum sample sizes may be obtained from (11) by a simple search by varying the values of n 1 and n 2 . Table  1 presents the minimum sample sizes for the first and second samples when the lifetime of the product follows the Kumaraswamy-log-logistic distribution for various values of P * , η and different combinations of (a, b, γ). Numerical results in Table 1 reveal that i. increase in the shape parameters (a, b, γ) increases the sample sizes rapidly for given η at the specified confidence level. ii. increase in η decreases the minimum sample sizes at a given confidence level irrespective of (a, b, γ) and iii. increase in confidence level increases the minimum sample sizes for a specified η irrespective of (a, b, γ). The effect of the change in the shape parameter a when b=2 and γ=4 with reference to the minimum first sample size and the experiment time when the confidence level is fixed at 0.90 for Kumaraswamy-log-logistic distribution is given in Fig.1 . The figure indicates that increase in the shape parameter a increases the first sample size rapidly for shorter experimenter time compared to the increase of the sample size for longer experimental time. Fig 2 shows the trend of first sample sizes against the test time for the effect of the change in the shape parameter b when a=1 and γ=4 at the confidence level, P * =0.90. This figure indicates that at the specified confidence level experimental time of longer duration requires lesser sample sizes compared to experimental time of shorter duration. 
Double sampling plan for Truncated Life test based on Kumaraswamy-Log-Logistic Distribution
The effect of the change in the shape parameter γ when a=1 and b=2 with reference to the minimum first sample size and the experiment time when the confidence level is fixed at 0.90 for Kumaraswamy-log-logistic distribution is given in Fig.3 . The figure indicates that increase in the shape parameter increases the first sample size rapidly for shorter experiment time compared to the sample size for longer experimental time.
IV. Operating Characteristic Values
OC values depict the performance of the sampling plan according to the submitted quality of the product. The probability of the acceptance will increase if the true median increases beyond the specified life. Therefore, we need to know the operating characteristic values for the proposed plan according to the ratio m/m 0 of the true median life to the specified life. Obviously, a plan will be more desirable if its OC values increase more sharply to one. The OC values as a function of the ratio m/m 0 when P * =0.90, a=1, b=2, γ=4 and η=0.7 are presented in Table 2 . It is seen that the OC increases to one more rapidly to move from a lower value to a higher value of the ratio m/m 0 . This arises due to the increase in the sample sizes required at higher shape parameters. It is also seen that i. increase in confidence level decreases the operating characteristic values for a given ratio m/m 0 ii. increase in confidence level decreases the operating characteristic values for a given η iii. increase in the ratio m/m 0 increases the operating characteristic values for any given η and any specified confidence level Table 2 . OC values with a = 1, b = 2 and γ = 4 at specified consumer's confidence level 
V. Minimum Median Ratios To The Specified Life
Consider now that the producer wants to know what will be the minimum product quality level in order to keep the producer's risk at the specified level. At the producer's risk of α the minimum ratio m/m 0 can be obtained by solving
where P a is given by Equation (4) or (6) for the zero and one failure schemes and p is given by Equation (5) . Tables 3 and 4 show the minimum median ratios to the specified life at the given consumer's confidence level and test times corresponding to the producer's risks of 0.05 and 0.10. Numerical values in tables reveal that i. increase in producer's risk decreases the minimum median ratios for any given combinations of (a, b, γ), η and P * ii. increase in P * increases the minimum median ratios for any given combinations of (a, b, γ) and η for a given producer's risk iii. increase in η increases the minimum median ratios for any given combinations of (a, b, γ) and P * for a given producer's risk 
VI. Selection Of Sampling Plan
Tables 1 may be used for the selection of zero-one double sampling plan with truncated life test for the specified confidence level when the lifetime of the product follows Kumaraswamy-log-logistic distribution with different shape parameters. Example.1 Assume that the lifetime of the product under consideration follows Kumaraswamy-log-logistic distribution with shape parameters a=1, b=2 and γ =4. Suppose that the producer wants to establish that the true median life is greater than or equal to 2000 hours with the confidence level of 0.95. The experimenter wants to stop the experiment at 1000 hours. This leads to the experiment termination multiplier, η=0.5. For the problem under consideration Table 1 gives a zero-one double sampling plan with the minimum sample sizes n 1 =63 and n 2 =61. This sampling plan is put into operation as follows First, selected randomly 63 items from the lot and put on test for 1000 hours and accept the lot if no failure occurs and reject if more than one failure occurs during the experimental time. If one failure is observed select a second sample of size 61 and put on test for 1000 hours. Accept the lot if there are no failures in the second sample. otherwise, reject the lot.
The producer may be concerned with the acceptance probability as the quality improves because they want to minimize the producer's risk. Suppose that the producer is interested in knowing what quality level will lead to the producer's risk less than 0.05. This can be answered from Table 3 . The minimum ratio for a=1, b=2 and γ =4, P * =0.95 and η=0.5 is 1.9869. So, the true median required of the product should be at least 19869 hours. Example.2 Suppose that the lifetime of the product follows a Kumaraswamy-log-logistic distribution with shape parameters a=2, b=3 and γ =4. Assume that the producer wishes to establish that the true median life is larger than 1000 hours with the confidence level of 0.90. The experimenter wants to terminate the experiment at 700 hours. For this problem Table 1 gives a zero-one double sampling plan with the minimum sample sizes n 1 =31 and n 2 =30. As the termination time leads to η=0.7. This sampling plan is carried out as follows First, select 31 items from the lot and put on test for 700 hours and accept the lot if no failure occurs and reject the lot if more than one failure occurs during the experimental time. If one failure is observed select a second sample of size 30 and put on test for 700 hours. Accept the lot if there are no failures from the second sample and reject the lot otherwise.
The producer may be concerned with the acceptance probability as the quality improves because they want to minimize the producer's risk. Suppose that the producer is interested in knowing what quality level will lead to the producer's risk less than 0.10. This can be answered from Table 4 . The minimum ratio for a=2, b=3 and γ =4, P * =0.90 and η=0.5 is 1.3083. So, the true median required of the product should be at least 13083 hours.
VII. Conclusion
The double sampling plan with zero-one failure scheme is considered and tables are prepared to make decision of acceptance or rejection on the submitted lot under the assumption that the lifetime of the product following Kumaraswamy-log-logistic distribution with different shape parameters, which has wider applicability due to the inclusion of several sub-models.
A general double sampling plan would be preferable rather than a zero-one double sampling plan. Therefore, a general double sampling plan for truncated life test is under preparation as a future work.
